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1. Introduction 
Slime mold plasmodia of Physarum polycephalum 
represent a very primitive motile system. It has been 
established that the interaction of myosin and actin 
is responsible for the streaming of plasmodia proto- 
plasm (reviewed [l-5]). Protoplasmic movement is 
regulated by the changes in the concentration of Ca2+ 
[l-5]. Electron microscopic observations [6,7] have 
revealed that Physarum plasmodia contain an internal 
membrane system which has the ability to store cal- 
cium. Recently, the crude microsomal fraction capable 
to take up calcium was isolated from Physarum and 
partially characterized [8]. 
Here the microsomal fraction of Physarum was 
purified by the use of a sucrose-density gradient 
centrifugation and its properties were characterized. 
The results obtained provide evidence for the similari- 
ties between Physarum microsomal vesicles and the 
sarcoplasmic reticulum (SR) vesicles isolated from 
fast-twitch skeletal muscle. 
2. Material and methods 
Fresh starved plasmodia cultured on filter paper 
by the method in [9] as modified [IO] were washed 
2 times with distilled water. They were subsequently 
homogenized in a motor-driven glass-Teflon 
homogenizer, in a buffer containing 20 mM imidazole 
(pH 7.2), 100 mM KCI, and 1 mM P-mercaptho- 
ethanol. 
The crude microsomal fraction sedimenting 
between 8000 and 50 000 X g, suspended in 250 mM 
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Fig.1. Procedure of the fractionation of the microsomal frac- 
tion from Physarum polycephalum. 
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sucrose and 10 mM imidazole (pH 7.2) (buffer A), 
was applied on a continuous sucrose-density gradient 
(8 S-55 .O% sucrose in 10 mM imidazole (pH 7.2)) 
and subsequently centrifuged for 1 h at 131 000 X g 
in a Beckman L5-50 ultracentrifuge. Two fractions 
were obtained by this procedure: pellet and the frac- 
tion, which formed a band at the level of 25-33% 
sucrose (fig.1). The latter one, defined as the microsomal 
fraction, was suspended in the buffer A and charac- 
terized in the present work. 
In order to inhibit the activities of proteolytic 
enzymes, the purification procedure was carried out 
in the presence of 50 000 KIU/l Trasylol (Polfa, 
Jelenia C&a). 
The SR vesicles were obtained from fast-twitch 
rabbit skeletal muscle by the method in [ 111. 
Sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-gel electrophoresis) in 7.5% 
slab-gel was carried out according to [12]. Protein 
content was determined according to [ 131 and phos- 
phclipid phosphorus content [ 141. Total lipids were 
extracted from the vesicles according to [ 151. Individui 
phospholipids were separated by silica-gel thin-layer 
chromatography. A mixture of chloroform, methanol 
and water (65:25:4, by vol.) was used as a solvent. 
Double diffusion test in agarose plates was perforn 
according to [ 161. The specificity of the antibody has 
been checked in [17,18]. 
Fig.2. Electron micrographs of Physurum microsomal vesicles (AC) and SR vesicles (B,D). Vesicles were negatively stained with 
many1 acetate (AC) or ammonium molybdate (B,D). (A,B) original vesicles; (C,D) vesicles loaded with the deposits of calcium 
oxalate. For loading with calcium oxalate the microsomal vesicles (800 c1g protein in 4 ml buffer) were incubated for 30 min at 
25°C in a buffer containing 10 mM ATP, 10 mM MgCl,, 10 mM oxalate, 100 UM KC1 and 10 mM imidazole (pH 7.2). Portions 
(4 ~1) of 100 mM CaCl, were added to the incubation mixture at 5 min intervals. Subsequently, the suspension was layered on the 
top of the continuous sucrosedensity gradient and centrifuged for 1 h under the conditions in section 2. The pellet obtained by 
this procedure was used in the further studies. 
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Microsomal vesicles were negatively stained with 
2% ammonium molybdate or 2% uranyl acetate and 
examined in a JEM 100 B electron microscope at an 
accelerating voltage of 80 kV. 
3. Results and discussion 
Negatively stained Physarum microsomal fraction 
consists of the spherical membraneous vesicles resem- 
bling those of SR isolated from fast-twitch skeletal 
muscle (fig2A,B). Mitochondria or filaments of 
contractile proteins have not been observed in the 
preparations. 
The analysis of total phospholipid phosphorus 
shows that the phospholipid content in the Physarum 
microsomal vesicles and in the SR vesicles is similar. 
Phospholipid to protein ratio in both kinds of the 
vesicles is -0.7 (w/w). As shown by thin-layer 
chromatography (tig.3), phosphatidylcholine and 
phosphatidylethanolamine are the major phospho- 
lipids in both, Physarum microsomal vesicles and SR 
vesicles. In addition, vesicles obtained from plasmodia 
contain considerable amounts of cardiolipid, which is 
not present in the SR vesicles. Lipid composition of 
plasmodia microsomal vesicles differs from that of SR 
vesicles also with respect to the higher content of 
cholesterol and other neutral lipids (tig.3). 
The crude Physarum microsomal fraction (sediment- 
ing between 8000 and 50 000 X g) contains several 
protein bands ranging from mol. wt 200 000-18 000 
(fig.4A). The pellet obtained upon subsequent frac- 
tionation on a sucrosedensity gradient contains most 
of these bands, including mol. wt 200 000 and 42 000 
bands, which most probably originate from the con- 
taminations with myosin and actin (fg4B). The 
protein composition of the microsomal fraction is 
very simple and in this respect similar to the SR 
vesicles (fig.4C,D). In agreement with [8] the main 
protein of Physarum microsomal vesicles has the 
mol. wt 105 000. This protein accounts for -50% 
of total membraneous protein. Few other proteins are 
present in the microsomal vesicles in lower amounts. 
Ouchterlony double diffusion test indicates that 
the microsomal fraction from Physarum dissolved in 
1% Triton X-100 crossreacts with the antibody 
against Ca2+, Mg2’-dependent ATPase from the SR 
vesicles (fig.5). This result suggests the immunological 
identity between the mol. wt 105 000 protein from 
Physarum vesicles and the Ca2+, Mg”-dependent 
ATPase from SR membranes. It is worth mentioning 
that there is no crossreactivity between the antibody 
against calsequestrin, the SR calcium-binding protein, 
and any of the proteins present in the Triton extract 
of the microsomal fraction from Physarum (fig.5). 
The microsomal fraction obtained from Physarum 
by differential centrifugation was reported [8] to 
F&3. Lipid composition of Physarum microsomal vesicles. 
Lipids extracted from the vesicles according to [ 141 were 
separated by thin-layer chromatography with chloroform/ 
methanol/water (65:25:4, by vol.) as a solvent. (Mph) lipid 
extract from Physarum microsomal vesicles; (1) lysophospha- 
tidylcholine, phosphatidylinositol, phosphatidylserine; 
(2) phosphatidylcholine; (3) phosphatidylethanolamine; 
(4) unidentified; (5) cardiolipin; (6) neutral lipids. 
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Fig.4. Protein composition of Physarum microsomal subfractions. (A) crude microsomal haction sedimenting between 8000 
and 50 000 X g; (B) microsomal fraction found at the level of 25-33% sucrose; (C) pellet after sucrosedensity gradient centrifu- 
gation; (D) SR vesicles. SDS-gel electrophoresis was carried out according to [ 111. (CS) calsequestrin; (HACBP) high affinity 
calcium binding protein. 
Fig.5. Ouchterlony double diffusion test in agarose plate. The 
well labeled ‘aA’ contained the antiserum from rabbit 
immunized against he Ca’+, Mg’+dependent ATPase from 
rat SR; the well labeled ‘Phm’ contained the Triton X-100 
extract of the microsomal fraction of Physarum; the well 
labeled ‘aC’ contained the antiserum from sheep immunized 
against calsequestrin from rabbit SR. 
exhibit Cap, Mg2+-dependent ATPase activity and 
the ability to take up calcium in the presence of ATP. 
However, the addition of oxalate to the incubation 
mixture did not have any effect on the calcium 
uptake. Therefore in the present work the effect of 
oxalate was reexamined. For this purpose an attempt 
was made to load Physarum vesicles with calcium 
oxalate in the presence of ATP. The vesicles incubated 
in the loading medium were subsequently fractionated 
on the sucrose-density gradient. Negative staining 
reveals that the pellet obtained by this procedure 
consists of the vesicles containing deposits of calcium 
oxalate. This indicates that Physarum vesicles accu- 
mulate calcium in the presence of ATP and that these 
vesicles are permeable to oxalate in the way similar to 
the SR vesicles. 
It has been reported for various non-muscle systems 
(reviewed [l-5]) that motility of cells requires the 
presence of calcium and is regulated by the changes in 
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calcium concentration in the cytoplasm. The mem- 
braneous fraction able to take up calcium and there- 
fore most probably representing a calcium-sequestering 
system has been recently isolated from various cells 
and partially characterized [ 19-251. 
The results in [6,7] have indicated that Physarum 
contains the vacuoles able to store deposits of calcium 
oxalate. It is reasonable to assume that the vesicles 
isolated and characterized in this work originate from 
these structures. The present findings suggest hat an 
intracellular membrane system analogous to the SR 
of skeletal muscle is present in slime mold plasmodia 
of Physarum polycephalum. 
Acknowledgements 
We wish to thank Professor Leszek Kuinicki for 
providing us with the plasmodia of Physarum poly- 
cephaZum and Professor David H. MacLennan for 
donating the antiserum. We also thank Mrs J. M. 
Sudzicka for excellent technical ssistance and 
Mr Slawomir Pikula for typing the manuscript. 
[19] Robblee,L.S.,Shepro,D. and Belamarich, F. A. (1973) 
J. Gen. Physiol. 61,462-481. 
[20] KPserGlanzmann, R., Jakabova, M., George, J. N. and 
Ltischer,E,F.(1978)Biochim.Biophys.Acta512,1-12. 
[21] Blitz, A. L., Fine, R. E. and Toselli, P. A. (1977) J. Cell 
Biol. 75,135-147. 
References [22] Rahaminoff, H. and Abramovitz, E. (1978) FEBS Lett. 
89,223-226. 
[l] Pollard, T. D. and Welhing, R. R. (1974) CRC Crit. [23] Rahaminoff, H. and Abramovitz, E. (1978) FEBS Lett. 
Rev. Biochem. 2, l-65. 92,163-167. 
[2] Clarke, M. and Spudich, J. A. (1977) Ann. Rev. Bio- 
them. 46,797-822. 
[24] Bygrave, F. L. and Tranter, Ch. J. (1978) Biochem. J. 
174,1021-1030. 
[3] Hitchcock, S. E. (1977) J. Cell. Biol. 74,1-15. 
[4] Stossel, T. P. (1978) Ann. Rev. Med. 29,427-457. 
[25] Moore, L., Fitzpatrick, D. F., Chen, T. S. and Landon, 
E. J. (1974) Biochim. Biophys. Acta 345,405-418. 
151 
161 
]71 
[81 
]91 
]lOl 
[ill 
]121 
]131 
1141 
]151 
]161 
]171 
]181 
Taylor, D. L. and Condeelis, J. S. (1979) Int. Rev. 
Cytol. 56,57-143. 
Braatz, R. and Komnitz, H. (1970) Cytobiologie 2, 
457-463. 
Ettienne,E. (1972) J. Cell Biol. 54,179-184. 
Kato, T:and Tonomura, Y. (1977) J. Biochem. Tokyo 
81,207-213. 
Camp,W.G.(1936)Bull.TorreyBot.Club63,205-210. 
Hatano, S. and Oosawa, F. (1966) Biochim. Biophys. 
Acta 127,488-498. 
Sarzaia,M.G.andMichalak,M. (1978) Biochim. Biophys. 
Acta 513,221-235. 
Weber, K. and Osborn, M. (1969) J. Biol. Chem. 244, 
4406-4412. 
Lowry, 0. H., Rosebrough, N. J., Farr, A. L. and 
Randall, R. J. (1951) J. Biol. Chem. 193,265-275. 
Chen, P. S., Toriba, T. Y. and Warner, H. (1956) 
Anal. Chem. 28,1756-1768. 
Bllgh, E. G. and Dyer, W. J. (1959) Can. J. Biochem. 
Physiol. 37,911-917. 
Ouchterlony, 0. (1968) Handbook of Immunodiffu- 
sion and Immunoelectrophoresls Techniques, Ann. 
Arbor Science Publishers, Ann. Arbor. 
Holland, P. C. and MacLennan, D. H. (1976) J. Biol. 
Chem. 251,2030-2036. 
Zubrzycka, E. and MacLennan, D. H. (1976) I. Biol. 
Chem. 251,7733-7738. 
339 
